Broad-band wavelength tunable picosecond pulses from CW passively mode-locked two-section multiple quantum-well lasers by Schrans, Thomas et al.
323 IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 4, NO. 4, APRIL 1992 
[4] M.-C. Amann and R. Schimpe, “Excess linewidth broadening in 
wavelength-tunable laser diodes,” Electron. Lett., vol. 26, pp. 
279-280, Mar. 1990. 
S. Sakano, A. Oka, and N. Chinone, “Wavelength-tunable 3-elec- 
trode DBR laser with a thin-active layer in tuning regions,” IEEE 
Photon. Technol. Lett., vol. 3, pp. 866-868, Oct. 1991. 
Y. Kotaki, S. Ogita, M. Matsuda, Y. Kuwahara, and H. Ishikawa, 
“Tunable, narrow-linewidth and high-power X/4-shifted DFB laser,” 
Electron. Lett., vol. 25, pp. 990-991, July 1989. 
P. I. Kuindersma, W. Scheepers, J. M. H. Cnoops, P. J. A. Thijs, G. 
L. A. v. d. Hofstad, T. v. Dongen, and J. J. M. Binsma, “Tunable 
three-section, strained MQW, PA-DFB’s with large single mode 
tuning range (72 A) and narrow linewidth (around 1 MHz),” pre- 
sented at 12th Internat. Semiconductor Laser Conf. Dig., Sept. 9-14, 
1990, Davos, Switzerland, paper M-4, pp. 248-249. 
M. Kuznetsov, “Theory of wavelength tuning in two-segment dis- 
tributed feedback lasers,” IEEE J. Quantum Electron., vol. 24, pp. 
1837-1844, Sept. 1988. 
[5] 
[6] 
[7] 
[8] 
[9] J. Jacquet, A. Olivier, D. Leclerc, J. Benoit, 0. Le Gouezigou, L. Le 
Gouezigou, and J.-L. Lievin, “Thermal contribution to wavelength 
tunability of multi-electrode DFB lasers,” presented at Tech. Dig. 
Opt. Fiber Commun. Conf., Feb. 18-22, 1991, San Diego, CA, 
paper FB4, p. 204. 
M. Oberg, S. Nilsson, T. Klinga, and P. Ojala, “A three-electrode 
distributed Bragg reflector laser with 22 nm wavelength tuning range,” 
IEEE Photon. Technol. Lett., vol. 3, pp. 299-301, Apr. 1991. 
[ l l ]  W. B. Joyce and R. W. Dixon, “Thermal resistance of heterostruc- 
ture lasers,” J. Appl. Phys., vol. 46, pp. 855-862, Feb. 1975. 
[12] L. A. Coldren and S. W. Corzine, “Continuously-tunable single- 
frequency semiconductor lasers,” IEEE J. Quantum Electron., vol. 
QE-23, pp. 903-908, June 1987. 
S. Kitajima, S. Sasaki, H. Tsushima, M. Okai, and K. Yamashita, 
“Novel random access tunable heterodyne receiver using beat count- 
ing method for multichannel coherent systems,” Electron. Lett., vol. 
26, pp. 127-129, Jan. 1990. 
[lo] 
[13] 
Broad-Band Wavelength Tunable Picosecond 
Pulses from CW Passively Mode-Locked 
Two-Section Multiple Quantum-Well 
Lasers 
Thomas Schrans, Steve Sanders, and Amnon Yariv 
Abstract- Wavelength tunable CW passive mode-locking of a 
two-section quantum-well laser coupled to an external cavity is 
demonstrated. A tuning range of 26 nm is achieved with typical 
autocorrelation full widths at half maximum of 4.5 ps. 
AVELENGTH tunable picosecond pulses have re- W cently been demonstrated in semiconductor lasers, 
using external cavity active mode-locking [ 11 - [6]. Tuning 
ranges of 33 nm [3], 60 nm [4], [5], and 40 nm [6] were 
obtained at wavelengths of 0.82, 1.3, and 1.55 pm, respec- 
tively, and typical minimum emitted pulse widths were 10-20 
ps reduced to as short as 3.7 ps by pulse compression [4]. 
Passive mode-locking of a semiconductor laser, using an 
external multiple-quantum-well (MQW) saturable absorber 
has resulted in subpicosecond deconvolved pulse widths after 
compression [7], [8], but the laser had to be tuned to a 
wavelength slightly longer than the excitonic absorption peak, 
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thereby preventing broadly tunable passive mode-locking. 
More recently external cavity passive mode-locking of two- 
section MQW semiconductor lasers, incorporating a mono- 
lithically integrated saturable absorber and gain medium was 
demonstrated [9], [ 101. Wavelength temperature tuning of a 
monolithic passively mode-locked CPM laser resulted in 
pulses shorter than 1.6 ps, tunable over 8.8 nm at 1.5 pm 
[ 111. In this letter we report on broad wavelength tuning of a 
passively mode-locked two-section quantum well laser cou- 
pled to an external grating, resulting in a tuning range of 26 
nm at 0.84 pm with a minimum autocorrelation full width at 
half maximum (FWHM) of 3.5 ps. 
The laser used in this experiment is a two-section quadru- 
ple quantum well laser similar to the lasers used in previous 
passive mode-locking experiments [9], [lo], with a high-re- 
flectivity (HR) coating (90%) on the absorber section side, 
and an anti-reflection (AR) coating (< 5%) on the gain 
section side. The AR-coated facet of the laser is coupled to 
an external cavity terminated by a 600 lines/mm blazed 
grating mounted in Littrow configuration, as shown in Fig. 1. 
The beam is focused by a 40 x (0.65 NA) microscope 
objective on the grating, which can be rotated for tuning 
purposes. A 9 % reflection pellicle beamsplitter (BS) placed at 
a 45” angle is used to couple the light out to an optical 
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to optical specfrurn analyzer Fig. 2. Mode-locking range (solid line) as a function of gain current, I,, 
and wavelength, A. Autocorrelations and intensity spectrum measurements 
were performed at current and wavelength values indicated by dashed line. 
Fig. 1. Two-section laser passively mode-locked in external cavity with 
grating. 
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Fig. 4. Optical intensity autocorrelations at different gain currents and 
wavelengths as indicated. 
grating spectrometer on one side, and to a second harmonic 
(SH) collinear intensity autocorrelator and a microwave spec- 
trum analyzer on the other side. The laser package is mounted 
to an aluminum block, which remained at a temperature of 
22.5 O C +_ 0.5 ' C during the experiment, and the gain section 
is pumped by a dc current source as shown in Fig. 1. The 
threshold current of the laser without external feedback and 
with the absorber floating is 42 mA. 
Due to hysteresis in the L-Z curve [9], and to avoid 
exposing the laser to high gain section currents, the laser is 
turned on with a floating absorber. After setting the gain 
current, I,, to an appropriate value, the absorber is grounded, 
and the laser switches to mode-locked operation. By adjust- 
ing the current I , ,  mode-locked operation at the first har- 
monic of the round-trip frequency is achieved [9]. The 
minimum current level for mode-locking as a function of the 
lasing wavelength is shown in Fig. 2. A tuning range of 26 
nm is obtained. 
The dashed line in Fig. 2 represents the current and 
wavelength values at which intensity autocorrelations and 
intensity power spectra were measured. The optical intensity 
power spectrum is measured from the photocurrent of an 
- 12 GHz bandwidth photodiode followed by a 0.5-4.5 
GHz bandwidth amplifier. Intensity power spectra are shown 
in Fig. 3 for different wavelengths, together with a back- 
ground measurement. The laser is mode-locked at 561 MHz, 
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In conclusion, we have demonstrated broad-band wave- 
length tuning of a passively mode-locked semiconductor laser, 
with a tuning range of 26 nm and typical autocorrelation 
FWHM of 4.5 ps. The pulses are not transform limited, 
having a typical time-bandwidth product of 2.5. 
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